I. INTRODUCTION
The information age has significantly impacted academic libraries roles in higher education. Patrons' diverse needs require that academic libraries provide dynamic services and resources. Within budget constraints, academic libraries are exploring the appropriate mix of human resources and material collections needed to effectively and efficiently meet patrons' complex needs.
Historically, many librarians have measured library efficiency through qualitative patron surveys and single factor productivity indexes. Despite the application of data envelopment methods to libraries by economists and operations researchers, there has not been widespread adoption by librarians due to the complexity. The goal of this study is to present a data envelopment analysis (DEA) evaluation model that librarians can understand, adapt, and use in analyzing the efficiencies of their libraries.
II. LITERATURE REVIEW
Over the past two decades, patrons' needs have shifted academic libraries' priorities from capital-intensive to human resources and information-intensive [1] . Library space is transitioning from book and serial stacks to collaborative spaces for working, accessing information and communicating with colleagues [2] . Advances in technology have introduced an array of virtual services and digital resources [3] . Patrons expect that library staff will be available 24/7 and skilled in navigating and managing complex information. Libraries are expected to efficiently contain costs and to effectively maximize the educational impact for students [4] .
The library literature has primarily focused on the effectiveness aspect of libraries by assessing which services meet the expectations of patrons [4] [5] [6] . These qualitative assessments provide useful information for strategic planning and quality improvement processes. However, these methods do not adequately address the efficiency aspect which measures the transformation of resources (inputs) into services (outputs) [4] .
Librarians have traditionally measured efficiency by developing single factor productivity indexes [7] . For example, a per unit circulation transaction cost is calculated by several libraries. The library with the lowest per unit circulation transaction cost becomes the efficient standard that all other libraries should strive to emulate. However, libraries serve patron populations with diverse needs and may not need to provide the same type or level of service as other libraries [8] . For example, a library may invest a higher level of resources in processing interlibrary loan transactions and less on purchasing new materials for the collection. Another issue is that a single factor productivity index only measures one area of a library's performance. It is challenging to combine several single factors to measure total library efficiency because each library would need to assign relative weights that reflect the level of service they provide [9] . The data envelopment analysis model (DEA) addresses many of the limitations of single factor productivity indexes.
DEA measures the relative efficiencies of a decision making unit (DMU) with multiple inputs and outputs [10] . Each library being compared is a single DMU. All DMUs are compared to each other to identify an efficiency frontier. DMUs on the efficiency frontier are operating at full efficiency. All DMUs receive an efficiency score for comparison purposes. DEA allows the weights of each input and output to vary until an ideal combination is identified that will maximize each DMU's efficiency score. Set weight restrictions can be added to inputs and outputs, but are not required.
Since it's inception in 1978 by Charnes, Cooper, and Rhodes, DEA has been used in over 1500 studies to compare banks, schools, hospitals, libraries and other institutions [10] [11] .
The methodology and application is well established in the areas of operations research and economics [12] [4] . Despite these studies, DEA has not been widely adopted within the field of library and information science. Shim suggests that this is due to the majority of DEA research about libraries being published by non-librarians outside the library and information science literature [4] .
DEA is an appropriate methodology for library benchmarking for the following reasons: 1) It assesses efficiency based on multiple inputs and outputs without requiring output price or profit data, 2) It quantifies inefficiencies and shows a target to reach full efficiency, and 3) It identifies best practice libraries and encourages continuous learning processes to improve [20] .
III. METHODS
This study analyzes the efficiency of the PSU Library compared to its peer institution libraries for the academic year 2011-2012. Data is from the U.S. Department of Education's National Center for Education Statistics Academic Libraries Survey [21] [25] . These studies and discussions with fellow librarians provided insights into the development of the three models and the appropriate selection of specific inputs and outputs. An input orientation was selected due to the pressure on libraries to reduce the resources (inputs) they use to provide quality services and resources (outputs) to their patrons. Super-efficiency with constant returns to scale was added to the models to provide an efficiency ranking for all libraries (DMUs). Super-efficiency is a tie-breaking process for ranking efficient libraries (DMUs) by excluding the library (DMU) being evaluated from it's peers [26] [27] . The models were run through the Benchmarking package in the statistical software program R Studio [28] .
A. Human Resources Model
The human resources model compares how efficiently libraries utilize their staff in providing services and resources ( Fig. 1 ). The inputs include: Weighted total professional librarian and staff FTE, weighted total support staff FTE, and total student staff FTE. Professional staff generally have more service capability than support staff and student staff. A weight restriction was applied in the model where weighted total professional librarian and staff FTE equaled the sum of total professional librarian and staff FTE plus total support staff FTE plus total student staff FTE. Support staff generally have more service capability than student staff. Another weight restriction was applied where weighted total support staff FTE equaled the sum of total support staff FTE plus total student staff FTE.
The outputs include: Total interlibrary loans (ILL) transactions provided, total ILL transactions received, total circulation transactions, total workshop attendance, total weekly service hours, total weekly gate count, and total books and serials purchased. Support and student staff generally process ILL transactions, circulations transactions, assist with adding new book and serials to the collection, and staff service desks. Professional librarian and other staff develop and present workshops, engage in collection development activities including adding books and serials to the collection, and staff reference desks. 
B. Materials Model
The materials model compares how efficiently libraries convert their holdings into use by patrons (Fig. 2) . The inputs include: Total books and serials held, and total books and serials purchased. The outputs include: Total interlibrary loans (ILL) transactions provided, total ILL transactions received and total circulation transactions. Efficient collection development practices ensure better access and increased circulation of scholarly resources.
C. Budget Model
The budget model compares how efficiently libraries allocate their budget between staff, material acquisitions, and service hours (Fig. 3) . The input is total library expenditures. The outputs include: Weighted total professional librarian and staff FTE, weighted total support staff FTE, total student staff FTE, books and serials purchased, total weekly service hours, and total weekly gate count. The same weight restrictions, as in the human resource model, are applied to staff in this model. Personnel and materials acquisition costs are the primary expenditure drivers in library budgets. Weekly service hours and gate count reflect patron physical and virtual access to all library services and resources. 
IV. ANALYSES AND RESULTS

A. Human Resources Model
The human resources model compares how efficiently libraries utilize their staff in providing services and resources (Fig. 4) . The PSU Library had the highest super-efficiency score (1.7413) in the human resources model. A review of the data indicates that the PSU Library used a relatively small number of support staff and student FTE and had high collection usage, as reflected by ILL and circulation transactions. The UC-SB Library had the next highest superefficiency score (1.7362). With twice as many staff as the PSU Library, the UC-SB Library's physical space and programming activities encourage approximately four times as many patrons to visit the library. However, UC-SB patrons are using the collection less than PSU Library patrons, according to total ILL and circulation transactions.
The PSU Library is identified as the primary peer for eight libraries (Table 1) . These libraries could potentially learn human resources best practices from the PSU Library. The PSU Library has a higher super-efficiency score than its top five peers. However, the PSU Library could potentially benefit from best practices with the following strategies:  Increase the number of new serials and books added to the local collection by hiring additional librarians for collection development, and shifting appropriate tasks from the librarians to support and student staff. 
B. Materials Model
The materials model compares how efficiently libraries convert their holdings into use by patrons (Fig. 5 ). The ASU Library had the highest super-efficiency score (3.6075) in the materials model. A review of the data indicates that the ASU Library has the fifth largest collection size and the third highest volume of circulation transactions. The PSU Library had the fifth highest super-efficiency score (1.2278). With approximately one third the size of the ASU Library's collection, the PSU Library processes a higher volume of ILL transactions to meet patrons' needs. The GMU Library received a 0 super-efficiency score because it did not report any outputs (ILL and circulation transactions). The UIC Library received an infeasibility error because it did not report if any new books and serials (inputs) were added to the collection.
The PSU Library is identified as the primary peer for two libraries (Table 2) . These libraries could potentially learn materials best practices from the PSU Library. The PSU Library has a higher super-efficiency score than two of its top three peers. However, the PSU Library could potentially benefit from best practices with the following strategies:  Increase circulation transactions by updating collection development processes to ensure that relevant materials are acquired and maintained. Consult with the SFSU Library and NAU Library for best practices.  Increase the local collection size to meet growing institutional needs and to reduce the reliance on ILL transactions. A budgetary investment will be required for new materials and additional librarians engaged in collection development. Consult with the NAU Library for best practices. 
C. Budget Model
The budget model compares how efficiently libraries allocate their budget between staff, material acquisitions, and service hours (Fig. 6) . The two libraries with the highest super-efficiency scores in the budget model are: UT Library (1.3988) and UC-SB Library (1.2098). Both libraries achieved a high level of performance by allocating their budgets in specific areas. The UT Library used the third smallest number of weighted professional and support staff FTE and added more new books and serials to their collection than the majority of their peers. The UC-SB Library's physical space and staff led programming activities encouraged at least twice as many patrons to visit the library compared to almost all of their peers. The PSU Library (0.7952) was in the lower third of peer super-efficiency scores. The PSU Library had the seventh smallest budget, sixth smallest number of total staff FTE, and tied for 10 smallest number of weekly service hours.
The CSU-S Library is identified as the primary peer for fifteen libraries (Table 3) . These libraries could potentially learn budget best practices from the CSU-S Library. The PSU Library has a super-efficiency score that is lower than its top four peers. The PSU Library could potentially benefit from best practices with the following strategies:  Increase patron's visits by increasing weekly hours of operation and student FTE available at service desks. Consult with the CSU-S Library, NAU Library and UT Library for best practices.  Increase the number of new serials and books added to the local collection by hiring additional librarians for collection development, and shifting appropriate tasks from the librarians to additional support staff. Consult with the UM Library for best practices. 
V. LIMITATIONS AND FUTURE RESEARCH OPPORTUNITIES
One of the key limitations of the study is the data available for the selection of inputs and outputs. Digital resources and services have expanded rapidly over the past two decades and are an integral part of libraries today [29] . The model could be strengthened with the inclusion of digital resources and services data [30] .
Shim questions how information from DEA can be transformed into actionable, practical recommendations for library efficiency improvement [4] . From the perspective of a librarian, he states that how the DEA model functions is difficult to understand, the results can be difficult to interpret, and that most skilled DEA practitioners are economists that evaluate libraries from a distance [31] . He proposes the following solutions: 1) Form a small group of libraries that will adopt DEA as a benchmarking methodology, 2) Collaborate with DEA researchers so that librarians can learn the methodology, 3) Follow up on DEA benchmarking results with case studies that validate results, and 4) Identify processes and practices at efficient libraries, and disseminate the knowledge in the library community.
Future research should combine the DEA efficiency results and the patron service survey effectiveness results to guide the Library with continuously improving processes, resources and services. The PSU Library might also consider incorporating the Malmquist Productivity Index into the model to assess productivity changes over time [32] . Another potential area for future research could be adding student success factors to the model to assess for educational impact.
VI. CONCLUSION
Academic libraries, such as the PSU Library, are struggling to adapt to evolving technologies, a disinvestment of state government financial support, and the rapidly rising cost of materials. This study demonstrates how DEA can easily be used, as an evaluation tool, by faculty in their advisory and advocacy shared governance roles to strengthen their libraries. Compared to peer libraries, the PSU Library should pursue the following strategies to improve efficiency:  Increase the number of new serials and books added to the local collection by increasing the materials budget, hiring additional librarians for collection development, and shifting appropriate tasks from the librarians to additional support staff. Consult with the UW-S Library, IUPUI Library, UM Library and NAU Library for best practices.  Increase circulation transactions by automating processes, shifting appropriate tasks to student staff, completing implementation of the ORBIS consortia catalog, and updating collection development processes to ensure that relevant materials are acquired and maintained. Consult with the SFSU Library, UW-S Library and NAU Library for best practices.  Increase workshop attendance by hiring additional librarians to develop and provide information literacy training, and shifting appropriate tasks from the librarians to support and student staff. Consult with the WSU Library, SFSU Library and MSU Library for best practices.  Increase patrons' visits by re-designing the physical space, introducing new programming, increasing the weekly hours of operation, and increasing student FTE available at service desks. Consult with the MSU Library, CSU-S Library, NAU Library and UT Library for best practices.
